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INTRODUCTION. 
In two previous papers on the same subject (1, 2) the technique of 
drawing blood from the arm vein and a  series  of determinations on 
twelve normal individuals and sixteen patients with circulatory dis- 
turbances have been reported. 
In the discussion of the interpretation of the results, it was pointed 
out that variations in the oxygen unsaturation of the blood from an 
arm vein might be  caused by several factors other than  the  output 
from the heart~ which we were able to control or eliminate only to a 
limited degree.  These factors were:  (1) the degree of oxygen satura- 
tion of the arterial blood;  (2) the oxygen consumed by the metabolism 
of the part of the body drained by the vein tapped; (3) changes in the 
local blood flow on account of vasodilatations or constrictions either 
in the organ (the arm) from which the blood is drawn or in other 
parts. 
In  animal  experiments  the  influence of  these  factors  might  be 
studied separately.  In clinical  medicine, however, we have to deal 
with a  given condition where several factors usually act  together. 
We are, therefore, compelled to compare our findings with the clini- 
cal observations and postpone the conclusions  until sufficiently ex- 
tensive material has been collected. 
The purpose of these investigations is to study the variations in the 
oxygen unsaturation of the venous blood in patients with symptoms of 
circulatory disturbances; that is, in patients in whom it is of impor- 
tance to find out whether the blood flow is changed or not. 
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The preliminary determinations reported in Paper II gave promis- 
ing  results.  Continuous  determinations  on  patients  over a  longer 
period  have therefore been  taken up.  Ten patients have been stud- 
ied, five with compensated  1 and  five with incompensated circulatory 
disturbances.  This  paper  is  a  report  of  the  findings  in  the  com- 
pensated group. 
Before reporting  the  clinical  notes  and  the  figures for the oxygen 
unsaturation  in  these five patients,  one should recall that  the limits 
for  the  oxygen unsaturation  in  normal  individuals  were  9  and  2.5 
volume  per  cent.  However,  values  between  8  and  9  volume  per 
cent were found in only four determinations and under special circum- 
stances--a few seconds after awakening from a  night's sleep, a  condi- 
tion which,  as  a  rule,  we  shall  be unable  to  reproduce  in  patients: 
Considering  that  all  the  values  for  the  oxygen  unsaturation  in 
twelve patients with  compensated  circulatory  disturbances  (2)  fell 
between  8  and  2.5  volume  per  cent,  it  seems  correct,  at  least for 
the time being, to consider 8 volume per cent the upper normal limit. 
The lower limit is 2.5 volume per cent, the average 5.5.  In the dia- 
grams of the oxygen unsaturation  lines have been drawn  to indicate 
the normal limits. 
CASES. 
Case I (Table I, Text-Fig. 1).--V. G., male, gardner; age 58 years. 
Diagnosis.--Aortic insuflficiency; arteriosclerosis;  hypertension. 
Previous  History,  Symptoms,  etc.--Dyspnea after slight  exertion, for  1 year. 
He has never had syphilis or rheumatic fever, but for years he has suffered from 
stiffness of the back and has now and then had slight  joint pains. 
Physical  Examination.--No  cyanosis;  no swelling of superficial  glands;  lungs 
clear; heart  dullness  increased considerably to the left and downwards;  x-ray 
shows increase  to the left and downwards;  no thrill.  At the fourth rib on the 
left side is heard a  distinct diastolic  murmur replacing  the second  sound,  also 
heard at apex; liver not felt; no ascites; no edema.  In the urine was found a 
trace  of  albumin;  no  casts.  Blood  pressure  150-170.  Wassermann  reaction 
negative.  Temperature normal. 
He was admitted to the hospital for diagnosis, confined to bed for the  first 3 
days, and after that time allowed to get out of bed.  No special treatment.  He 
felt better when discharged;  dyspnea less; physical signs unchanged. 
1 Patient 4 in the present paper had symptoms of heart failure.  During the 
course of the disease the symptoms were interpreted as not circulatory. CHRISTEN  LUNDS  GAAP,.D  201 
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This patient,  who  suffered  from a  valvular heart  lesion  which is 
fully compensated at rest, shows almost constant values for the  oxy- 
gen unsaturation from day to  day.  Furthermore  the values  follow 
the normal average.  He was a patient with a quiet temper, with very 
slowly reacting vasomotors and with a  steady, regular pulse. 
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TExT-FIG. 1.  Oxygen unsaturation of venous arm blood. 
sufficiency; arteriosclerosis; hypertension. 
Case of aortic in- 
Case 2 (Table II, Text-Fig. 2).--T., male, steward; age 52 years. 
Diagnosis.--Hypertension  arterialis;  slight arteriosclerosis; chronic alcoholism; 
cirrhosis of the liver (?) ; lues. 
Pre~ious History, Symptoms, etc.--Shortness  of breath on exertion, for 4 years. 
Physical Examination.--Rather fat man; lungs clear; no cyanosis; no prominent CHRISTEN  LUNDSGAARD  203 
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veins; heart covered by the lungs; limits uncertain at percussion; x-ray shows the 
heart moderately enlarged to  the left;  no  murmurs;  aortic second sound high 
pitched  and  accentuated.  The  abdomen is fat  with prominent veins on both 
sides from the inguinal region to the axilla.  Liver not felt; area of dullness over 
spleen not distinctly increased; no jaundice; no ascites; no edema; the urine con- 
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T~xz-Fm.  2.  Oxygen unsaturation  of venous  arm  blood.  Case  of  arterial 
hypertension; slight arteriosclerosis; cirrhosis of liver; lues. 
tains a faint trace of albumin; no casts; blood urea not increased.  Wassermann 
reaction positive.  Temperature normal. 
Treatment.--Confined to bed; restricted fluid and calories; no medication apart 
from antisyphilitic treatment, which was started after the determinations of the 
oxygen were finished. CHRISTEN  LUNDSGAARD  205 
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This patient  was a  moderately advanced case of the cardiovascular 
type.  Besides he probably had some  cirrhosis  of the  liver.  His cir- 
culation was fully compensated.  The oxygen unsaturation shows less 
constancy  than  in  Case  1.  However,  the  variations  extend  prac- 
tically only over the half of the  area which is covered by the values 
for the normal individuals.  The  variations  are  smaller  than  in  the 
normal person and the curve as a whole is more uniform. 
Case 3 (Table IH, Text-Fig. 3).--L., male, musician; age 35 years. 
Diagnosis.--Arteriosclerosis;  hypertension;  lues;  incipient  aneurysm  of  the 
aorta. 
Previous History,  Sympt~nni, etc.--Headache; shortness of breath on exertion; 
contracted syphilis 6 years ago; treated regularly. 
Physical Examinagon.--The site of the heart is normal to percussion and x-ray; 
no murmurs; both aortic and pulmonic second sounds very distinct; aortic par- 
ticulady  high  pitched;  heart  action  regular;  electrocardiogram  normal.  The 
x-ray picture shows a slight distention of the left  side of the upper part of the 
descending  aorta.  Wassermann  test  doubtful  three  times.  Lungs  clear;  no 
cyanosis, distended veins, or edema; liver not felt; radial and temporal arteries 
tortuous and very hard; urine negative for albumin.  For the blood pressure see 
Text-fig, 3.  Temperature normal. 
Treatment.--Confined  to  bed  for the  first  12  days;  salt-free diet;  restricted 
calories and fluid. 
During his stay in bed his hemoglobin increased from 116 to 122.  The 2nd 
day he was out of bed 3 hours, his hemoglobin dropped suddenly to 111 (verified 
several times on two different samples of blood) and then slowly down to 100 per 
cent.  No explanation for this could be found in his condition or treatment. 
We have here a patient with a pr.onounced premature arteriosclero- 
sis, probably  on  syphilitic  basis.  Besides  that  he  had  a  beginning 
aneurysm which  could be detected  only by x-ray.  His ~hortness  of 
breath on exertion is probably due entirely to this high blood pressure. 
The values for the  oxygen unsaturation  in seventeen determinations 
are rather  constant  and,  like the values in  Case 2,  occupy the space 
below the normal average, one a  trifle below the normal lower limit. 
Case 4 (Table IV, Text~Fig. 4).--J. A., male, porter; age 49 years. 
Diagnosis.--Cirrhosis of the liver; nephritis; urea retention; uremia (?) ; anemia. 
Previous History,  Symptoms, etc.--Edema of legs for 3 to 4 months; has used 
much alcohol; has never had any sickness  before. 
Physical Examination.--Dullness  from the right border of sternum to 2 cm. 
below the nipple.  X-ray shows that the heart is in a transverse position (on ac- 
count of his ascites); the size and form not  changed.  All over the precordia a 208  OXYGEN  IN  THE  VENOUS  BLOOD.  III 
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soft systolic murmur;  2 aortic and pulmonic second sounds normal; pulse regular; 
electrocardiogram normal; the day of the first determination some moist r~les in 
lungs; since then dear;  no cyanosis; veins are not distended;  marked ascites; no 
jaundice; liver and spleen not felt, but the area of dullness over the spleen is dis- 
tinctly increased; uremic odor of breath; sleepy; heavy edema of lower extremi. 
¢1 
160 
120 
Ioo 
80 
60 
A~.,1917  5eg. 
28  29  30  31  I 
II 
I0 
9 
0 
7 
6 
5 
4 
3 
2 
I 
0 
limit 
re 
IJ~it 
I  2  3  z~  5 
Tr.xT-FIo.  4.  Oxygen unsaturation  of venous arm blood.  Case of cirrhosis 
of liver; nephritis; uremia; anemia. 
ties extending up over the lower part of abdomen; diuresis small.  Urine contains 
albumin; granular and hyaline casts; urea in blood somewhat increased (50 nag. 
of urea per 100 cc. of blood).  Condition stationary during the time of bleeding. 
Treatraent.--Confined  to  bdd;  800 cc. of milk per day.  Diuresis very small 
(200 to 400 ce.).  For the blood pressure see Text-fig. 4. 
2 He was admitted as a case of incompensated heart failure. 210  OXYGEN  IN"  THE  VENOUS  BLOOD.  III 
The  diagnosis  in  this  case  was  confirmed  by  an  autopsy  which 
showed a  typical liver cirrhosis of Laennec's type, a  big hard spleen, 
parenchymatous, subchronic nephritis; heart and lungs were normal; 
no sclerosis of aorta.  The results on this patient show  the  impor- 
tance of using the oxygen unsaturation,  not  the direct value for the 
oxygen  in  the  venous  blood,  on  account  of  the  anemic  condition. 
A  consideration of the whole clinical picture made it obvious that his 
ascites, edema,  and  low diuresis were not  due to incompensated cir- 
culation.  It is,  therefore, interesting,  to find normal values for the 
oxygen unsaturafion.  The  values  are  not  only within  the  normal 
limits, but they are very constant and follow absolutely the line for 
the normal average.  The day when the first determination was made 
quite a  number of moist r~les were heard at the base of the left lung. 
At  the  time  of  the  following determinations  the  lungs  were  clear. 
However, no differences were observed in the figures for the oxygen 
unsaturation.  3  He  was  very quiet  all  the  time,  in  fact his mind 
was not quite  clear,  particularly at  the  time of  the last determina- 
tions.  The  temperature  was  normal.  He  died  5  days  after  the 
last determination. 
Case 5 (Table V, Text-Fig. 5).--G., male, teacher; age 38 years. 
Diagnosis.--Mitral insufficiency; cardiac palpitations; auricular fibrillation. 
Previous History, Symptoms, etc.--Palpitation; fatigue on exertion,  for  4 to 6 
years; no rheumatic fever; no syphilis. 
Physical Examination.--On admission moist r~les at the base of the left lung; 
otherwise  lungs are clear;  no cyanosis or swelling of superficial vein; dyspnea 
only on rather considerable exertion; dullness distinctly increased to the left and 
in direction of the left axilla; at apex distinct systolic murmur replacing almost 
entirely the first sound; no diastolic murmur; pulse rate moderately rapid (100); 
electrocardiogram  and pulse show auricular fibrillation; liver not felt, not tender; 
no edema.  Temperature normal.  From April 19 to 30 he had 0.5 gm. of digi- 
puratum a day.  He did not show any clinical signs of incompensations.  The 
rMes in his lungs disappeared  and the lungs were clear at the time of the deter- 
minations; temperature normal. 
The results show two very important traits.  In the first place, the 
values for the oxygen unsaturation vary to an extent not seen before, 
from 4.5 to 16.2 volume per cent.  In the second place, he is the first 
patient  with  a  clinically  compensated  heart  lesion  in  which  there 
have been found values for the oxygen unsaturation outside the nor- 
mal limits, 8 and 2.5 volume per cent.  The  results  on  this  patient 
are  in  striking  contrast  to  those  found  in  the  other  four  patients. 
3 See the discussion in Paper II (2) about the saturation of the arterial blood. C]tP~ST'~-N  LUND S GAAP,.D  211 
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The most conspicuous clinical difference between him and the qther 
four patients is the heart rhythm.  It is difficult to find other cause 
for the change in the oxygen unsaturation than variations in the out- 
put from the heart.  The lungs were clear, there was no evidence of any 
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TExT-FIO.  5.  oxygen  unsaturation  of  venous  arm  blood.  Case  of  ~traJ 
insufficiency and auricular fibrillation. 
changes in the metabolism, and it seems unlikely that undetected vaso- 
motor changes could account for the fluctuati6ns shown in the chart. 
DISCUSSION. 
A previous investigation of the minute volume in heart patients by 
the writer (3) gave results which agree closely with those found here. 213 
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It  was  found  that  patients  with  valvular  disease  combined with 
arrhythmia  perpetua or with groups of extrasystoles may show (1) 
abnormally great variations in the output and (2)diminished minute 
volume without  clinical  signs  of  incompensation.  It  is possible to 
calculate the degree of oxygen consumption  4 in the patients referred 
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TsxT-FIo. 6.  Case of compensated mitral and aortic insuflidency and mitral 
stenosis.  Pulse regular.  5  Oxygen consumption calculated from blood flow de- 
terminations with Krogh and  Lindhard's nitrous  oxide method.  Lines indicate 
the normal average and the normal extremes for oxygen unsaturation. 
4 The difference between oxygen unsaturation and oxygen consumption is de- 
fined in Papers I and II (1, 2).  In Paper II is given a short description of Krogh 
and Lindhard's method. 
5 Case 1, Lundsgaard (3), p. 518. 214  OXYGEN  INTHE  VENOUS  BLOOD.  HI 
to.  Text-figs. 6  to 9  show the calculated values for the oxygen con- 
sumption in four patients where the minute volume was  determined 
by Krogh and Lindhard's nitrous oxide method.  Text-figs. 6, 7, and 
8 represent patients suffering from compensated heart lesions.  The 
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TExT-FI6. 7.  Case  of compensated  mitral stenosis and insufficiency.  Pulse 
regular,  e  Oxygen  consumption calculated from blood flow determinations with 
Krogh and Lindhard's nitrous oxide method.  Lines  indicate the normal average 
and the normal extremes for oxygen  unsaturation. 
pulse rate was regular in these cases.  It will be seen that the figures 
agree  closely with  the  directly  determined  oxygen unsaturation in 
the first four patients in this paper. 
6 Case 10, Lundsgaard (3), p. 544. CIII~STEN LUNDSGAARD  215 
Text-fig. 9, on the other hand, represents a patient with clinically 
compensated mitral  stenosis  and  auricular  fibrillation.  The  calcu- 
lated values for the oxygen consumption (1) are varying, (2) are above 
the normal line,  and  (3)  agree closely with the directly determined 
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Pulse regular. Oxygen 
consumption calculated from blood flow determinations with Krogh and Lind- 
hard's nitrous oxide method.  Lines indicate the normal average and the normal 
extremes for oxygen unsaturation. 
values in Case 5 of this report.  This seems to be sufficient proof that 
the variations in the oxygen saturation of the venous arm blood may 
in some instances express the variations in the output of the heart. 
Case 1, Lundsgaard (4), p. 488. 216  OXYGEN  INTH_E  VENOUS  BLOOD.  ~I 
The  values  for the oxygen unsaturation  in  the  first  four patients 
are,  as mentioned before, more uniform than  the  values  in  normal 
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TExT-FIa. 9.  Case of compensated  mitral stenosis.  Pulse irregular.  Auricu- 
lar fib~llation, s  Oxygen consumption calculated from blood flow determinations 
with  Krogh and Lindhard's nitrous  oxide  method.  Lines indicate  the normal 
average and the normal extremes for oxygen unsaturation. 
s Case 7, Lunds~aard (3), p. 535. CHRISTEI~  LUNDSGAARD  217 
people.  The same thing  could be seen in the determinations  of the 
minute  volume of  the  heart  in  normal  people and  in  patients  with 
compensated  circulatory  disturbances.  The  figures  for  the. oxygen 
unsaturation calculated  from  the  blood  flow  were more regular  in 
patients with compensated valvular disease and regular heart action 
than  in  the two normal people.  This may be interpreted as indicat- 
ing that  a  regularly beating heart working against  a  certain burden 
will  have  a  smaller  margin  of  action  than  the  normal  heart.  The 
burden probably acts on the heart like a  heavy wheel on a machine, 
making its action steady. 9 
SUMMAI~Y. 
1.  Forty-six  determinations  of  the  oxygen unsaturation,  i.e.,  the 
difference between the venous oxygen and  the total oxygen capacity 
of the hemoglobin, have been done in five patients with compensated 
circulatory disturbances. 
2.  Values  withinnormal  limits and  near  or  below  the  normal 
average were found in four patients with regular pulse. 
3.  In  one  patient  with  mitral  insufficiency  and arrhythmia  per- 
petua  extremely varying  values  were  encountered.  Six  determina- 
tions were made; in one instance the value was within normal limits, 
in five above, and in one of those even higher  than in most cases of 
incompensated heart lesions. 
4.  A  comparison is drawn between the directly determined oxygen 
unsaturation  in  these  patients  and  the  oxygen  consumption  calcu- 
lated from previous experiments by the writer, where the blood flow 
was determined directly by the nitrous oxide method.  A close paral- 
lelism is found. 
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9 It is worth mentioning that the normal person on whom twenty determina- 
tions of oxygen were done (Paper I and Text-fig. 1, Paper II) had a very urrsteady 
circulation  (unsteady  pulse,  respiratory  arrhythmia,  dermographism).  Great 
variations in the oxygen unsaturation  were encountered. 